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have a substanially higher prevalence4–6 and to have progressive manifestations of COPD if they continue to smoke.7
They are thus appropriate targets for intervention early in
the course of their disease.
People with early or undiagnosed COPD are most likely to
encounter the health care system in the primary care setting.
Consequently, accurate knowledge of the prevalence of
COPD in this setting is critical to planning and implementing
strategies for the detection and management of the disease.
However, valid estimates are lacking of the prevalence of
COPD among at-risk individuals in primary care practices.
Access by family doctors to spirometric data confirming irreversible airway obstruction has been shown to influence
patient management8 and to enable implementation of a targeted self-management plan that may include smoking cessation, pharmacotherapy and increased exercise.9–11
We sought to measure the prevalence of spirometrically
confirmed COPD in an at-risk population of adults aged 40
years or more with a smoking history of at least 20 pack-years
who visited a primary care practitioner (physician or nurse
practitioner) for any reason and to describe their characteristics. We also evaluated the accuracy of prior diagnosis or
nondiagnosis of COPD and to identify associated clinical
characteristics.

Abstract
Background: People with known risk factors for chronic
obstructive pulmonary disease (COPD) are important targets for screening and early intervention. We sought to
measure the prevalence of COPD among such individuals
visiting a primary care practitioner for any reason. We also
evaluated the accuracy of prior diagnosis or nondiagnosis
of COPD and identified associated clinical characteristics.
Methods: We recruited patients from three primary care
sites who were 40 years or older and had a smoking history of at least 20 pack-years. Participants were asked
about respiratory symptoms and underwent postbronchodilator spirometry. COPD was defined as a ratio of
forced expiratory volume in the first second of expiration
to forced vital capacity (FEV1/FVC) of less than 0.7 and an
FEV1 of less than 80% predicted.
Results: Of the 1459 patients who met the study criteria,
1003 (68.7%) completed spirometry testing. Of these, 208
were found to have COPD, for a prevalence of 20.7% (95%
confidence interval 18.3%–23.4%). Of the 205 participants
with COPD who completed the interview about respiratory
symptoms before spirometry, only 67 (32.7%) were aware
of their diagnosis before the study. Compared with
patients in whom COPD had been correctly diagnosed
before the study, those in whom COPD had been overdiagnosed or undiagnosed were similar in terms of age,
sex, current smoking status and number of visits to a primary care practitioner because of a respiratory problem.

Methods
The research ethics committees of the University of Toronto and
the Sault Saint Marie Group Health Centre approved this study.
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Interpretation: Among adult patients visiting a primary care
practitioner, as many as one in five with known risk factors
met spirometric criteria for COPD. Underdiagnosis of COPD
was frequent, which suggests a need for greater screening
of at-risk individuals. Knowledge of the prevalence of COPD
will help plan strategies for disease management.

C

hronic obstructive pulmonary disease (COPD) is a
common and costly condition worldwide.1,2 A recent
global population-based study estimated the prevalence of the disease to be about 10% among people 40 years
of age and older.3 People with known risk factors for COPD,
such as increased age and a history of smoking, are likely to
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Recruitment and enrolment
Participants were recruited from April 2006 to February
2007 from three primary care sites in the province of
Ontario representing rural, suburban and urban populations.
These sites had previously participated in a provincial study
of asthma. Doctors at each site were family physicians
without specialization in respiratory medicine. Identification of participants varied by site. At two sites, screening
questionnaires were provided immediately to all adults on
attendance. At the third site, all adult attendees were identified from an electronic database and were asked to complete the screening questionnaire during a telephone interview before their visit. The sampling period was extended
to include May–November 2007 to attain the necessary
sample size.
The screening questionnaire ascertained age, sex, smoking
history and any self-reported previous respiratory diagnosis.
Patients aged 40 years or more with a smoking history of at
least 20 pack-years were invited to attend an assessment session within four weeks after completing the questionnaire.
They were not requested to stop using any current respiratory
medications.

three acceptable tracings, with the two best FVC values and
the two best FEV1 values within 150 mL of each other.15
Tests that yielded only one acceptable tracing, or two
acceptable tracings in which the measurements were not
within 150 mL of each other, were reviewed by the study
coordinator, senior pulmonary function technologist and an

Attended recruitment sites
during study period
n = 8085
Excluded n = 1533
• Unable to be contacted n = 1256
• Missed n = 277

Invited to complete screening
questions
n = 6552
Excluded n = 196
(refused to answer questions)

Completed screening questions
n = 6356
Excluded n = 4897

Assessment session
After providing informed consent, participants completed a
face-to-face interview regarding limitations resulting from
dyspnea (according to the Medical Research Council dyspnea
scale12) and the presence of respiratory symptoms (Appendix
1, available at www.cmaj.ca/cgi/content/full/cmaj.091784
/DC1). An experienced technologist performed portable
spirometry. Those with spirometric evidence of COPD13,14
were requested to complete a second face-to-face interview
regarding home oxygen use and comorbid health conditions
(Appendix 1). Spirometry was delayed for a minimum of four
weeks following resolution of any reported respiratory infection. It was not performed if a participant met specific criteria
thought to compromise his or her safety.3
Spirometry
Spirometry was performed according to international guidelines15 using a calibrated digital hand-held spirometer. All participants who had a ratio of forced expiratory volume in the
first second of expiration (FEV1) to forced vital capacity
(FVC) of less than 0.7 and an FEV1 of less than 80% predicted underwent postbronchodilator spirometry 20 minutes
following two puffs of salbutamol (200 μg). We defined
COPD as a postbronchodilator FEV1/FVC ratio of less than
0.7 and FEV1 of less than 80% predicted (GOLD stage 2 or
higher).13,14,16 Predicted values for FEV1 were calculated using
the equations of Hankinson and colleagues.17
We used quality-assurance procedures based on those used
in a recent large international study of COPD:18 use of the
same model of spirometer at all data-collection sites; standardized training of all staff responsible for data collection;
collection and review of pilot data on five clinic attendees at
each site; and a minimum of two visits by the study coordinator to each site.19
For immediate use in the study, spirometry had to yield
2
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(did not meet eligibility criteria)

Invited to undergo assessment
n = 1459
Excluded n = 406
•
•
•
•
•
•

Not interested n = 175
Too busy n = 124
Poor general health n = 50
No transportation n = 40
No need for diagnosis n = 13
Other reason n = 4

Completed pre-spirometry
questions
n = 1053
Excluded n = 50
(spirometry not performed)
•
•
•
•

Did not understand instructions n = 8
Excluded for medical reasons n = 9
Unable to physically cooperate n = 25
Refused n = 8

Satisfactory spirometry performed
n = 1003

Spirometric evidence of COPD
n = 208
Excluded n = 12
(postspirometry questions not completed)
• Refused to continue n = 10
• Unable to complete questionnaire n = 1
• Interpretation of spirometry results changed
after study was over n = 1

Completed postspirometry
questions
n = 196

Figure 1: Recruitment and flow of participants.
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experienced respirologist. If there was any uncertainty
regarding whether the results met the criteria for a diagnosis of COPD, spirometry was repeated following advice to
the site technologist regarding how to optimize the quality
of the tracings.
Chart abstraction
To identify clinical characteristics that could be used by family physicians to assist in distinguishing patients with and
without COPD, the charts of participants who had spirometric
evidence of COPD during the initial 12-month recruitment
period were reviewed and data extracted on any diagnosis of
COPD and the number of visits to a primary care physician
because of a respiratory problem. Each participant with
COPD was matched for sex, age (within five years) and
recruitment site with three participants (or fewer, if three suitable matches could not be identified) who did not meet the
spirometric criteria. Participants were then classified into four
groups: correctly diagnosed COPD (spirometry results positive, chart positive); undiagnosed COPD (spirometry tests
positive, chart negative); overdiagnosed COPD (spirometry
results negative, chart positive); and no COPD (spirometry
results negative, chart negative).
Data management and analysis
Data were faxed from the participating sites to the central
data-management facility at McMaster University. This facility reported inconsistencies, discrepancies or missing data to
the study site every two weeks. Required corrections were
made within five business days. Prospective power calculations indicated that a sample size of 1000 patients would
obtain a sufficiently narrow 95% confidence interval (CI)
around the proportion of participants with COPD.

Statistical analysis
The prevalence of COPD was estimated as the number of participants who met the spirometric criteria for the disease,
expressed as a proportion of those for whom valid spirometric
measurements were available.
We performed logistic regression analysis using age, sex,
current smoking status, number of respiratory symptoms
(reported during the assessment session) and number of visits
to a primary care physician because of a respiratory problem
(collected through chart review) as independent variables.
The dependent variable was accuracy of COPD diagnosis,
dichotomized in separate analyses as: undiagnosed versus no
COPD; correctly diagnosed versus overdiagnosed COPD; or
undiagnosed versus correctly diagnosed COPD. We considered a p value of 0.05 or less to be significant.

Results
During the study period, 8085 patients attended the three
recruitment sites. A total of 6552 were approached to complete the screening questionnaire, of whom 6356 (97.0%)
agreed to answer the questions. Of the 1459 patients who met
the eligibility criteria, 406 (27.8%) declined participation and
50 (3.4%) were unable to undergo spirometry (Figure 1).
Compared with the 1053 participants, nonparticipants were
more likely to be female (54.2% v. 48.2%; p = 0.047) and
current smokers (53.2% v. 43.3%; p < 0.001). Of the 1003
participants for whom valid spirometric data were available,
613 (61.1%), 337 (33.6%) and 53 (5.3%) were recruited from
the suburban, rural and urban sites, respectively.
Of the 1003 participants who completed spirometry, 208 met
the spirometric criteria for COPD, for a prevalence of 20.7%
(95% CI 18.3% to 23.4%). The characteristics of the partici-

Table 1: Characteristics of 1003 participants aged 40 years and older for whom results of spirometry were available
Result of spirometry
Characteristic

No COPD
n = 795

GOLD stage 2 COPD*
n = 164

GOLD stage 3 or 4 COPD†
n = 44

Age, yr, mean (SD)

59.1 (10.5)

64.0 (9.9)

68.0 (8.7)

418:377

80:84

23:21

Current smoker, no. (%)

337 (42.4)

72 (43.9)

24 (54.5)

FEV1/FVC ratio, mean (SD)

0.74 (0.07)

0.59 (0.07)

0.42 (0.10)

FEV1, % predicted, mean (SD)

89.0 (13.2)

67.8 (7.7)

38.1 (7.7)

Smoking history, pack-years, mean (SD)

33.0 (14.0)

38.3 (16.4)

46.8 (23.4)

Body mass index, mean (SD)

29.7 (6.4)

27.9 (5.7)

25.0 (5.5)

White, no. (%)

791 (99.5)

163 (99.4)

43 (97.7)

1 (1–2)

2 (1–2)

2 (2–3)

Sex, male:female ratio

Medical Research Council dyspnea score,
median (IQR)
Self-reported diagnosis of COPD, no. (%)
≥ 1 respiratory symptom, no. (%)

43 (5.6)‡

43 (26.7)§

519 (65.6)**

121 (74.7)††

24 (54.5)
39 (90.7)‡‡

Note: COPD = chronic obstructive pulmonary disease, FEV1 = forced expiratory volume in first second of expiration, FVC = forced vital
capacity, IQR = interquartile range, SD = standard deviation.
*FEV1/FVC < 0.7 and FEV1 ≥ 50% predicted but < 80% predicted.
†FEV1/FVC < 0.7 and FEV1 < 50% predicted.
‡Data available for 774. §Data available for 161. **Data available for 791. ††Data available for 162. ‡‡Data available for 43.
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pants who completed spirometry are summarized in Table 1. Of
the 196 participants with COPD who completed the interview
after spirometry, 58 (29.6%) reported a previous diagnosis of
heart disease, 100 (51.0%) hypertension, 43 (21.9%) diabetes,
12 (6.1%) stroke, 3 (1.5%) lung cancer and 3 (1.5%) tuberculosis. Four (2.0%) of the 196 participants were using home oxygen. Of the 205 participants with positive spirometry results
who completed the interview about respiratory symptoms
before spirometry, 67 (32.7%) reported having received a prior
diagnosis of COPD. Cough was the most common respiratory
symptom, reported by 110 individuals (53.7%).
Table 2 presents the characteristics of the 382 (38.1%) participants for whom chart abstraction was undertaken, including 107 (93.9%) of 114 who had positive spirometry results
and 275 matched controls. Table 3 presents the results of the
logistic regression analysis of the association between patient
characteristics and the accuracy of the COPD diagnosis. The
median time between spirometry and the most recent visit to a
primary care practitioner was 1.1 (interquartile range 0.4–2.9)
years. Compared with patients whose COPD was undiagnosed (n = 49), those correctly found not to have COPD (n =
230) were similar in terms of age (p = 0.44), sex (p = 0.78),
current smoking status (p = 0.77), number of respiratory
symptoms (p = 0.70) and number of visits to a primary care
physician because of a respiratory problem (p = 0.10).
Compared with patients whose COPD was correctly diagnosed (n = 58), those in whom COPD was overdiagnosed
(n = 45) described fewer respiratory symptoms (p = 0.045) but
otherwise were similar in terms of age (p = 0.99), sex (p =
0.25), current smoking status (p = 0.56) and number of visits to
a primary care physician because of a respiratory problem (p =
0.37). The same was true when we compared patients whose
COPD was correctly diagnosed and those with undiagnosed
COPD, with the latter describing fewer respiratory symptoms
(p = 0.002) but otherwise being similar in terms of age (p =
0.23), sex (p = 0.70), current smoking status (p = 0.08) and
number of visits because of a respiratory problem (p = 0.44).

Interpretation
We identified COPD in approximately one of every five
adults who visited a primary care practitioner for any reason,
were 40 years or older and had a smoking history of at least
20 pack-years. Although more than three-quarters of the
patients with COPD reported at least one respiratory symptom, two-thirds were unaware of their diagnosis. These findings suggest that adults who attend a primary care practice
with known risk factors for COPD are important targets for
screening and early intervention.
The prevalence of COPD in our cohort was considerably
higher than the 10.1% reported in the Burden of Obstructive
Lung Disease (BOLD) study that recruited participants of
similar age and used identical diagnostic criteria.3 However,
unlike previous studies that used population-based sampling,3,18 we recruited only patients with a smoking history of
at least 20 pack-years who had visited a primary care practitioner. In the BOLD study, the prevalence of COPD in the
subgroup of heavy smokers was 15.5%–33.9% among men
and 2.7%–29.7% among women across various countries.3
Our estimate of COPD prevalence in a sample of more than
1000 individuals is more precise (20.7%, 95% CI 18.3%–
23.4%) and agrees with earlier reports of a high prevalence of
COPD among people with known risk factors.4–6
Although underdiagnosis of COPD has been previously
reported,20 the extent of it in our cohort is especially striking
given that all of the patients had two important risk factors for
COPD.3 Moreover, almost 50% of the patients with COPD
were still smoking and therefore at increased risk for progression to more severe disease. Early diagnosis in this group is
particularly important because spirometric evidence of airflow obstruction may help health care professionals to optimize smoking cessation.21,22
Differences in respiratory symptoms between the patients
with correctly diagnosed COPD and those with overdiagnosed
disease were modest and did not reflect differences in age, sex,

Table 2: Characteristics of 382 participants for whom chart abstraction was undertaken

Characteristic
Age, yr, mean (SD)
Sex, male:female ratio

COPD correctly
COPD
diagnosed*
undiagnosed†
n = 58
n = 49
64.2 (8.2)

65.5 (9.3)

62.6 (8.6)

26:32

26:23

25:20

118:112

Current smoker

31 (53.4)

14 (28.6)

23 (51.1)

62 (27.0)

≥ 2 respiratory symptoms

43 (74.1)

19 (38.8)

22 (50.0)††

84 (36.5)

0.92

0.45

0.74

0.32

Underwent previous spirometry**

49 (84.5)

13 (26.5)

29 (64.4)

60 (26.1)

Had been prescribed any respiratory medication**

51 (87.9)

19 (38.8)

30 (66.7)

63 (27.4)

No. of visits to a primary care physician because
of respiratory problem, rate per patient-year**

Note: COPD = chronic obstructive pulmonary disease, SD = standard deviation.
*Positive spirometry result, diagnosis of COPD in chart.
†Positive spirometry result, no diagnosis of COPD in chart.
‡Negative spirometry result, diagnosis of COPD in chart.
§Negative spirometry result, no diagnosis of COPD in chart.
**Data extracted from charts.
††Data available for n = 44.
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65.0 (10.3)

COPD
overdiagnosed‡ No COPD§
n = 45
n = 230
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smoking status or visits to a primary care
physician. Nor did the clinical characteristics differ between the patients with undiagnosed COPD and those without the disease,
although the former group reported fewer
respiratory symptoms than those with correctly diagnosed COPD. The absence of
distinguishing clinical characteristics within
the population tested should encourage the
use of spirometry in patients with known
risk factors for COPD who visit a primary
care practitioner for any reason.
Our selective recruitment of patients
with known risk factors for COPD who
had visited a primary care practitioner for
any reason allowed us to find novel evidence that this population has a high
prevalence of COPD. In addition, prior
diagnosis of COPD was based on their
family doctor’s diagnosis, validated by
chart extraction, rather than based on
self-report as in most studies.

Table 3: Association between patient characteristics and accuracy of COPD diagnosis
COPD diagnosis; OR (95% CI)*

Undiagnosed
COPD v. no COPD

Characteristic

Correctly
diagnosed COPD
Undiagnosed
v. overdiagnosed COPD v. correctly
COPD
diagnosed COPD

Age > 63 yr

1.30 (0.67–2.54)

1.00 (0.40–2.46)

0.58 (0.24–1.41)

Female sex

0.91 (0.48–1.74)

1.64 (0.70–3.83)

0.85 (0.36–1.99)

Current smoker

1.12 (0.52–2.44)

0.76 (0.30–1.91)

0.44 (0.17–1.11)

No. of respiratory
symptoms*

1.05 (0.82–1.35)

1.34 (1.01–1.79)

0.62 (0.46–0.84)

No. of visits to primary
care physician because of
respiratory problem

1.51 (0.93–2.45)

1.25 (0.77–2.04)

1.01 (0.97–1.06)

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, OR = odds ratio.
*For age, ORs are for participants older than the median age of 63 years; for the number of respiratory
symptoms, ORs are for each additional symptom; for the number of visits to a primary care physician
because of respiratory problem, ORs are for each additional visit per patient-year.

Limitations
Our diagnostic criteria for COPD, based on the FEV1/FVC
ratio and FEV1 percent predicted, can be questioned, particularly among elderly patients, in whom the FEV1/FVC ratio
may be normally reduced as a function of aging.23–25 However,
our classification, which represents those with stage 2 COPD
or higher according to the GOLD classification,16 is consistent
with the definitions of COPD provided by international
guidelines10,13,26 and is the definition used in the BOLD study.3
This classification is supported by epidemiologic data27 and
allows grouping of people according to the severity of disease, which is linked to outcomes such as death, hospital
admission and comorbid conditions.28–30 By not including
GOLD stage 1 COPD, or mild COPD according to Canadian
guidelines,10 we minimized the likelihood of including people
with asthma and provided a more conservative estimate than
in some studies.18,31,32 Furthermore, by excluding people with
GOLD stage 1 disease, we optimized the likelihood of identifying individuals with disease-specific impairment in health
status.33
Although we selected rural, suburban and urban populations, our sample was almost exclusively white, which limits
the generalizability of our findings to other ethnic groups.
There was some disparity in prevalence estimates among the
recruitment sites; however, we did not include a detailed
assessment of variables that might account for these differences, such as literacy, socio-economic status and occupational exposures. The small proportion of participants from
the urban site was most likely due to the very high proportion
of international immigrants in this region and their reluctance
to participate in a study regarding lung health.
Our rates of participation are concordant with those
reported in previous studies.3,18 Participants and nonparticipants differed in some characteristics in a manner which, if
nonresponse bias was introduced, might have led to under-

estimation of COPD prevalence. Although the measurement
properties of the questions about the presence of respiratory
symptoms have not been investigated, they are basic questions commonly used in clinical practice to screen for cases of
COPD.
Conclusions
Our findings show that early detection of COPD in high-risk
patients in a primary care setting is feasible. For health policy- makers, this should provide a stimulus for the
development of preventive care programs designed for COPD
patients in family practice. Success of early intervention in
this population could result in important reductions in mortality, morbidity and health care expenditures related to COPD,
although this remains to be demonstrated in future evaluations. For practitioners, our results call for a higher index of
suspicion for the presence of COPD in patients aged 40 years
or older with a substantial smoking history, as well as a wider
use of spirometry for diagnosis. Further research is indicated
to define more clearly the reasons for underdiagnosis and
overdiagnosis of COPD in primary care settings.
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